This article analyzes the relationship between real interest rates and real growth rates in wages. The stationarity of these time series has been discussed in the literature. However, since the net discount ratio, (1 + g,)/(l + r), is a nonlinear transformation, it is not necessarily stationary even if the interest rate and growth rate in wages series are each stationary. On the other hand, the net discount ratio may be stationary even if the interest rate and growth rate series are both non-stationary. The significant finding of this article is that this ratio is stationary. This conclusion appears robust since it holds for at least four different Treasury securities analyzed: three month, six month, one year, and three year. Therefore, a real net discount ratio, (1 + g,)/(1 + r1), can be used with confidence in constructing present value forecasts of expected earnings. , 1985) . However, the determination of the correct growth rate in wages and the discount rate has received the most attention.
Stationarity Issues for Wages and Interest Rates
A time-series is said to be stationary if the generating function for the series does not itself change through time (Granger, 1989, p. 66) . Although serious problems can arise when non-stationary data are used, stationarity of the net discount ratio has received little attention. Engle and Granger (1987) show that if two series share a common relationship with time, the estimated correlation is potentially spurious.2 Two studies (Hosek, 1982; and Lambrinos, 1985) have explicitly examined the issue of stationarity of the growth rate and the discount rate. While it should be noted that these studies (as well as others) have made a significant 2Spurious correlation, however, is not problematic when the two series are co-integrated. Because a linear combination of the two series is stationary, (i.e., not a polynomical function of time), the inferences about the correlation coefficient are valid. See Pagan and Wickens (1989) for a detailed, intuitive discussion of integrated time series and co-integration. contribution to this literature, the analysis should be extended further, because the ultimate reason for analyzing the stationarity of these time series is to determine if the nonlinear expression, (1 + gt)/(1 + rt),3 is itself a stationary series, where "r" stands for the real interest rate and "g" stands for the growth rate in real wages. As Hallman and Granger (1989) have shown, non-linear transformations applied to non-stationary time series can yield stationary series, and vice-versa. Consequently, using stationary series such as rt and gt, if they are found to be stationary, does not imply that the net discount ratio, (1 + gt)/(1 + re), is stationary.
To test for stationarity, it is necessary to determine the order of integration of the time-series being considered. If the order is equal to zero, the series is stationary. If, on the other hand, the series is integrated of order d (denoted Fuller, 1976) , the probability that the t-statistic is less than -2.88 (i.e., the probability of a Type-I error) is 5 percent.
Unit-Root Tests for Stationarity
The data are monthly and are available for the period from 1964:1 through 1989:4.5 To calculate the ex post real return, the following expression was used: r = [(1 + i)/(1 + 7r)] -1, where i is the nominal interest rate and 7r is the inflation rate (measured as the annual rate of change in the CPI) that existed until that security matured.6 The model imposes the condition of rational expectations, i.e., expected inflation equals actual inflation.7 3This ratio is also sometimes written as 17(1 + k), where k, is referred to as the net discount rate (e.g., see Anderson and Roberts, 1989) .
4Note that d also corresponds to the number of unit roots in the time series. 5Monthly changes in hourly wage rates were first available in 1964. 6For example, the nominal return that was registered (on average) for three month bills in January, divided by the inflation rate over the period January to April, minus one, yields the ex post real return. 7The authors are grateful to an anonymous referee for suggesting this specification of the real rate. In an earlier version of the article, the authors followed Mishkin's (1988) appraoch of caluclating the ex post real rate, r = i -7re, where 1re = 1r. This specification leaves off the Equation (1) is estimated using levels of the time series of interest rates and the log of real wages.8 Four different Treasury securities are analyzed: three month, six month, one year, and three year. As Table 1 indicates, the estimated coefficients on the lagged value of all of the Treasury securities are negative. Similarly, the coefficient on the lagged value of the (log of) real average hourly earnings is negative.9 In all of the cases, however, the t-statistics, are larger than -2.32. Since the 5 percent critical value is -2.88, the evidence is consistent with the levels of average hourly earnings and real interest rates having a unit-root, i.e., each of the series are nonstationary. This evidence does not corroborate Lambrinos' (1985) conclusion (based on correlograms) that real interest rates are stationary. 8It should be noted that the level of real interest rates is r. However, the real wage rate is converted to percentage changes to yield g, the growth rate, when it is differenced because the log of wages is used.
'The unit-root test was also conducted for the level of the real wage. As one might expect, with a unit root in the log-level of the series, the evidence indicated that a unit-root was present in the real wage level as well.
The null hypothesis is that the coefficients on the lagged level of the series and on the time variable are jointly equal to zero. The intuition behind this test is that the series may be made up of both deterministic and stochastic trend components.'0 The F-statistic for this null hypothesis will exceed its critical value if either the deterministic trend explains a large portion of the time series (which is reflected in the coefficient on the time variable being different from zero) or the stochastic trend is small (which results in the coefficient on the lagged value being significantly less than zero). The results of this second test are consistent with those in the first test; that is, under the null hypothesis, the F-statistics are all less than 3.73 for the real interest rates. The F-statistic is 4.42 for average hourly earnings. In all cases, since the values of the F-statistics are well below the critical value of 6.34, the null hypothesis is not rejected. Thus, even with a trend adjustment, the evidence suggests that interest rate and level of wages series are not stationary. The next step is to determine whether a second unit root is present in the data. If so, then the first differences are non-stationary. Equation (1) is also estimated with first differences of the various real interest rates (r) and the growth rate (g) of real average hourly earnings. The results of these estimations are also presented in Table 1 (in the second column). Under the null hypothesis that the coefficient on the lagged first difference of the Treasury interest rate is less than zero, the t-statistics range from -5.55 to -9.65. In each case the evidence suggests that the first difference of these real interest rate series are stationary. This result indicates that the real Treasury rate series must be first-differenced before any forecasting is done using these individual series. The growth rate of the real average hourly earning series is stationary, as indicated by a t-statistic of -5.33. Furthermore, when a time trend is included in the models, the conclusions based on the F-statistics in the last column of Table 1 are congruent with the unit-root tests in equation (1): the first-differenced real interest rate series are stationary, and the growth rate is stationary. The present evidence on the stationarity of the growth rate of wages is consistent with Lambrinos' (1985) .
In short, the evidence is consistent with the hypothesis that real interest rates are not stationary, but that the growth rate of real average hourly earnings is stationary. This result could present serious problems for forecasting the present value of expected future earnings since only one of the series is stationary. However, as noted above, it is possible that the (1 + g,)/(l + r) series is stationary even though the real interest rate is not stationary since this series is a non-linear transformation of the rt and g, series.
Unit root tests on (1 + gt)/(1 + rt), the net discount ratio, are presented in Table 2 . These tests were conducted in a similar fashion to the ones described in Table 1 . Four different net discount ratios are constructed, one for each of the different real interest rates under consideration, while the same growth rate in real wages is used each time. In each interest rate case, that t-statistic '0See Stock and Watson (1988) for a description of the breakdown of a series into its deterministic and stochastic trend components. calculated under the null hypothesis of unit root, is less than -2.88, indicating that the null hypothesis is rejected. The evidence is consistent with the hypothesis that the discount ratio is stationary. Lambrinos' (1985) , however, because the findings suggest that real interest rates are not stationary. The issue of individual stationarity of each of these series is really moot. Ultimately, the concern is whether the net discount ratio series is stationary. Since the stationarity of individual series does not guarantee stationarity of a non-linear transformation, such as (1 + gt)/(1 + rt), this article's contribution is providing evidence suggesting that the net discount ratio is stationary. This finding is robust since it holds for at least four different Treasury securities: three month, six month, one year, and three year. Therefore, a real net discount ratio can be used confidently in forecasting the present value of expected earnings.
